Abstract This study examines how different information sources relate to Health Belief Model constructs, hepatitis B virus (HBV) knowledge, and HBV screening. The Maryland Asian American Liver Cancer Education Program administered a survey of 877 Asian immigrants. The most common sources of information identified by the multiple-answer questions were newspapers (39.8 %), physicians (39.3 %), friends (33.8 %), TV (31.7 %), and the Internet (29.5 %). Path analyses-controlling for age, sex, educational level, English proficiency, proportion of life in U.S., health insurance coverage, and family history of HBV infection-showed that learning about HBV from physicians had the strongest direct effect; friends had a marginal indirect effect. Perceived risk, benefits, and severity played limited roles in mediation effects. Path analysis results differed by ethnicity. Physician-based HBV screening intervention would be effective, but should be complemented with community health campaigns through popular information sources for the uninsured.
Introduction
Over the last decade Asian populations in the U.S. grew by 43 %-the fastest rate among other racial groups [1] . The rapid growth of Asian populations is largely driven by immigration to the U.S. [2] . Asian immigrants (AIs)-particularly from hepatitis B endemic countries-have been at greater risk of contracting hepatitis B virus (HBV) infection, and of subsequently developing cirrhosis or liver cancer [3, 4] . Those with chronic HBV infection are 200 times more likely to develop liver cancer than those without the infection [5] . Preventive measures such as HBV screening and vaccinations allow us to prevent or manage potential liver disease or liver cancer; however, these preventive measures are not widely practiced among adult AIs [6] .
The low levels of HBV knowledge and poor English proficiency are important individual-level barriers to obtaining HBV screening [7] [8] [9] [10] . Lack of health coverage and not having a regular physician are important resourcerelated barriers for the screening behaviors [11] . An individual's perceptions and psychosocial factors are also important factors for HBV screening behavior [12] [13] [14] . Where and how people acquire risk perception and knowledge about preventive health behavior is an important research question [15] [16] [17] [18] [19] [20] . Very few studies have focused on how different sources of health information influence not only health knowledge, but also important psychosocial factors related to health behavior [21] . Moreover, we have very limited understanding about how these acquired knowledge and perceptions relate to preventive behaviors [20] . To fill in this gap, we examined what the common information sources of HBV are and the associations with HBV screening behavior with a Health Belief Model (HBM) framework. Ma et al. [12] tested these constructs in relation to HBV screening behavior in a Vietnamese-immigrant sample: perceived risk was positively associated with hepatitis B screening behavior [14] . This finding provided support for the HBM's premise that higher perceived risk motivates individuals to adopt preventive health behaviors. We further examined the mediating effects of the HBM constructs in associations between information sources and screening behavior.
The purpose of our study is to (1) understand the most common information sources regarding HBV, (2) examine variations of common information sources by ethnicity, educational level, English proficiency, and age, (3) examine how different sources of information relate to psychosocial constructs and HBV knowledge and screening behavior by path analysis with the HBM framework, and (4) assess variations of these associations by ethnicity.
Method
We used baseline survey data collected by the Maryland Asian American Liver Cancer Education Program (hereinafter the Program). The Program was a cluster randomized trial design that tested the effectiveness of a hepatitis B/liver cancer educational program on HBV screening among at-risk AIs [22] . The study design allowed us to effectively recruit these minority populations in our study and to enhance the ability to control knowledge contaminations across the participants.
The 
Recruitment Strategy
Korean, Chinese, and Vietnamese participants were recruited through community organizations, churches, language schools, ethnic grocery stores/restaurants, and nail salons in Maryland [23] . The sampling frame for these organizations was created from ethnic yellow-pages, industry membership directories, and suggestions from community leaders in the Greater Washington, DC Area. Thirty-two organizations agreed to participate in the Program and were randomized to either intervention or control groups. We recruited 877 participants from these organizations on a voluntary basis if they were at least 18 years of age and had never participated in hepatitis B education. Participants filled in a paper form, self-administered baseline questionnaire in their choice of either their native language or English.
Measures
The questionnaires were translated into respective ethnic languages by bilingual research assistants and back-translated into English by different bilingual research assistants. The translated questionnaire were compared and discussed to reach to a consensus of the best wording choices in each ethnic language. The questionnaire was pilot tested in each ethnic group and reviewed by community advisory board members.
The primary outcome in our study is a self-reported HBV screening (either yes or no). The main independent variables of the analysis were the top five sources of HBV. We asked respondents about sources of HBV information from 12 potential sources of information, with multiple responses: physicians, other health care providers, local health departments, family, friends, TV, radio, newspapers, books, magazines, the Internet, and community health fairs. These options were adapted from the National Cancer Institute's Health Information National Trends Survey (HINTS) [24] .
Mediators included HBM constructs (perceived benefits, perceived risk, perceived severity, self-efficacy for HBV screening) and knowledge of HBV transmission modes. For perceived benefits, one item assessed how strongly a respondent agreed with the statement ''the benefits of getting HBV screening outweigh the costs.'' For perceived severity, three items asked about how severely a respondents' life would be changed if they contracted the virus (a = 0.80). Four items on self-efficacy examined the level of self-confidence to undergo the screening in challenging circumstances (a = 0.90). We used the 7-point Likert scale to assess these HBM constructs: from ''strongly agree'' (7) to ''strongly disagree'' (1). For perceived risk, four items in different time spans asked about the perceived likelihood of contracting HBV in the 10-point Likert scale: from ''very likely'' (10) to ''not at all likely'' (0) (a = 0.94). The items were used to create a composite index score for each construct by calculating a summative mean: the higher the score, the greater perceived benefit, risk, susceptibility, and self-efficacy. A set of 10 questions to assess knowledge regarding HBV transmission modes was adapted from research studies with Vietnamese and Cambodian Americans in the Pacific Northwest [25] . A sum of respondents' correct answers was calculated as the knowledge score; the knowledge score could vary from 0 to 10. Reliability of this knowledge scale was above the acceptable level (a = 0.88).
Potential confounders included age (continuous variable), sex (0 = male; 1 = female), educational level (0 = \college; 1 = college graduate or higher), proportion of life in the U.S. (0 = B25 %; 1 = [25 %), English language proficiency (0 = poor/so-so; 1 = very well/like native), health insurance coverage (0 = no; 1 = yes), and family history of HBV infection (0 = no; 1 = yes).
Statistical Analysis
Out of 877 participants, we included 726 people who had heard of HBV from any source. Those who had not heard of HBV were excluded from further analysis (n = 151). Subsequent bivariate analyses examined the association between the type of information sources, age, ethnicity, educational attainment, English proficiency, and screening behavior. We conducted a path analysis among the five information sources, HBM constructs, knowledge about HBV transmission mode, and self-reported HBV screening, controlling for the potential confounders. We used Stata version 11.2 and its binary mediation command for data analysis [26] . Stata binary mediation command calculated unstandardized linear regression coefficients between the information sources and HBM constructs and the knowledge of HBV transmission modes, and unstandardized logit regression coefficients between the mediators and the outcome. The logit coefficients were exponentiated to calculate odds ratios for undergoing the screening. Total, direct, and indirect effects were computed by standardizing the coefficients, accounting for differences in scales [26] . The confidence interval for these effects was estimated using bootstrapping with 500 replications [26] . Initial data analysis indicated that within-cluster correlation on HBV screening was minimal (q = 0.01). Therefore, the path analysis did not account for the within-cluster correlation.
Results
The average age of respondents who had heard of HBV was 44.7 years; 42.6 % were males; over 50 % were college graduates or had more than college education. Onethird of the respondents reported that their English was poor. Approximately 60 % of the respondents had health insurance. On average, respondents reported that they had heard of HBV from three different information sources. The basic characteristics of respondents who said they had heard of HBV are presented in Table 1 .
The percentages of respondents who reported that they had heard of HBV from various information sources are presented in Table 2 . The most common sources of information-identified by a multiple-answer question-were newspapers (39.8 %), physicians (39.3 %), friends (33.8 %), TV (31.7 %), and the Internet (29.5 %). Approximately 80 % of respondents heard of HBV from at least one of these top five sources. Therefore, we focused our analyses on only these top five information sources as independent variables. For Vietnamese respondents, community health fairs were the third most popular source of HBV information, which was not included in these top five sources.
Bivariate Analyses of HBV Screening, Information Sources, and Psychosocial Measures Ethnicity, educational level, English proficiency, and age were associated with where respondents heard of HBV. There are significant differences in common sources of HBV information among Asian subgroups. A higher percentage of Vietnamese respondents (47.5 %) than other subgroups (p \ 0.001) had heard about HBV from physicians. A higher percentage of Chinese had learned about HBV from newspapers (47.8 %), the Internet (38.4 %), and friends (39.2 %) than other subgroups (p \ 0.001 for newspapers and the Internet, p \ 0.05 for friends). There were significant associations between identification of the Internet and newspapers as the information source and their educational level. Respondents with college degrees (35.5 %) identified the Internet as their source, compared to 21.1 % among those without college degree (p \ 0.001). Respondents without college degree (45.4 %) were more likely to report newspapers as their source than respondents with college degree (35.7 %) (p \ 0.01). There were no significant associations between educational levels and learning about HBV from physicians, TV, or friends.
TV and newspapers were more common sources of learning about HBV among those who were not proficient in English. Respondents with less English proficiency said that TV (35.6 %) and newspapers (46.0 %) were their main sources, whereas those with good English proficiency reported less use of those as information sources (24.5 and 28.1 %, respectively; p \ 0.001).
Age was another determinant for where respondents heard of HBV. Among age groups 18-39, 40-59, and C60 years, there were no differences in learning from physicians or friends. On the other hand, older respondents were more likely to report that they learned about HBV from traditional media such as newspapers or TV (p \ 0.001). And a larger proportion of young respondents reported that they learned from the Internet (p \ 0.01).
Bivariate analyses between the information sources and screening behavior showed that only learning HBV from physicians was significantly associated with screening behavior (OR 2.98, 95 % CI 2.17, 4.08). Ethnic-specific bivariate analysis also showed that only having a physician as the source was significantly associated with the screening behavior (Table not shown) .
Path Analysis
The overall results of the path analysis model that was developed based on the HBM are shown in Fig. 1 . The model controlled for the potential confounders. The associations between the information sources (IV) and HBM variables and knowledge (M) are shown in regression coefficients. On the other hand, the association between the mediators and HBV screening behavior (DV) and the associations between IV and DV are shown in odds ratio (OR).
Among the five information sources, only physician, friends, and newspapers had significant associations with some mediators (see Table 3 ). Having a physician as an information source was associated with a higher level of Among four HBM variables and the knowledge score, only self-efficacy and knowledge score had significant associations with screening behavior (OR 1.14, 95 % CI 1.02, 1.28; OR 1.15, 95 % CI 1.07, 1.24, respectively; see Table 4 ). The direct effect of physicians was strong (OR 3.06, 95 % CI 2.13, 4.42). The standardized total, direct, and indirect effects of the five information sources on the screening behavior are shown in Table 5 . Among the five sources, learning HBV from friends had marginally significant indirect effects.
We also conducted ethnic-specific path analyses (Table not  shown   1 ). In the Korean group, physician, friends, newspapers, and the Internet had significant associations with the mediators: physician with self-efficacy (b = 0.70, p \ 0.001), friends with perceived benefits (b = -0.53, p \ 0.05), newspaper with knowledge (b = 0.75, p \ 0.05), and the In the Vietnamese group-specific path analysis, none of the information sources had significant associations with the mediators. Moreover, none of the mediators was significantly associated with screening behavior. Thus, none of the information sources had significant mediation effects. Across the three ethnic groups, physicians had a strong direct effect on the screening.
Discussion
Our study identified that physicians, friends, newspapers, TV, and the Internet were the most common sources of learning about HBV. There were variations in the type of information sources identified by respondents from The overall path analysis showed that learning HBV from physicians, friends, and newspapers had significant associations with several mediators, after controlling for the potential confounders. However, only the path from friends, the knowledge of HBV transmission modes, to screening behavior turned out to be marginally significant. On the other hand, the influence of learning about HBV from physicians on the screening behavior was not mediated by any of the mediators in the model and physicians had the strongest direct effects on the screening behavior. Newspapers did not have significant direct effects or mediation effects. Contrary to initial expectations, perceived benefit, risk, and severity did not play a great role in mediating effects. Learning HBV from physicians, friends, or newspapers had some association with these HBM-specific constructs; however, the constructs were not associated with the screening behavior. Thus, mediating effects by these constructs were overall insignificant. Self-efficacy and the knowledge of HBV transmission modes were important factors for HBV screening. This is somewhat contrary to the previous study of Vietnamese immigrants in the East Coast that found that perceived risk was associated with screening [14] . Differences in study participants and HBM measures could explain these differences; however, both studies indicated that perceived ability to overcome barriers is pivotal for completion of the screening. Future studies should further explore roles of perceived benefit, risk, and severity in HBV screening among AIs.
Ethnicity-specific path analyses also confirmed that physicians had strong and direct effects on the screening behavior. There was generally a similar pattern of mediation paths among total respondents, and among Korean and Chinese respondents; however, mediation effects were greater among Chinese respondents. Vietnamese respondents exhibited no mediation effect. These differences could be explained by variations in the quality of physician-provider communication, individual's informationseeking behaviors, perceived credibility of information sources, and message contents disseminated through the information sources to specific ethnic groups. Our study suggests that a physician-based approach would be an effective model. How effectively physicians communicate HBV transmission modes, and severity of HBV infection, however, remain suboptimal.
Because many respondents identified other information sources as their source of learning about HBV, there is room for improving self-efficacy for completing the screening and knowledge of HBV transmission modes through these information sources. Community-level public health campaigns can certainly take advantage of using mass media (ethnic TV and newspapers), interpersonal communications with friends, and Internet to disseminate HBV information. Community-level public health campaigns would be an important alternative to target individuals without regular access to care who do not benefit from a physician-based approach for promoting HBV screening. Our knowledge of the information sources commonly accessed by individuals with different sociodemographic backgrounds will also help practitioners tailor effective campaigns.
There are four limitations in our study. First, although the study was a cluster randomized trial, self-selection for Path analysis model included the following as control variables: age, sex, educational level, English proficiency, proportion of life in the U.S., health insurance coverage, and family history of hepatitis B infection. 95 % confidence interval range is shown in the brackets § Statistical significant standardized effects ? The value is very close to zero, but not zero. In such a case, the statistical significance of effects needs to be interpreted with caution and other biases. Third, the path analysis with cross-sectional data may give biased results because it is difficult to establish temporal order of events [27] . Forth, the question related to whether they had ever heard of HBV was not specific to preventive measures or screening behaviors [28] . This might have made it difficult for some respondents to recall their experiences or to make clear connections with that question. This study provides useful insights on how information sources, psychosocial mediators, and screening behaviors are associated in the theoretical framework. To the best of our knowledge, this study is the first to examine the influence of information sources on HBV screening behavior among AIs [28] . In addition, we applied a behavioral theoretical framework to analyze the associations between information sources and screening behavior. We also employed path analysis to assess what individuals learn from common information sources and how they relate to HBV screening behavior. This novel approach helped us build our knowledge base for designing a national campaign on HBV which the U.S. Department of Health and Human Services (DHHS) plans to launch in 2012 and 2013 [29] .
